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B1313M spectroscopy has been performed at room temperature and at 77K on Au/Si(l  11 )

structures. Au thickness was varied in the range 75-300 ~. At 77K a direct signature of parallel

momentum conservation is observed in the BEEM spectra of samples with thick Au layers. The

change in spectral shape which was observed as a function of both Au thickness and temperature

places restrictions on allowable values of inelastic and elastic mean-free paths. The observations

also suggest the presence of multiple reflections of the injected electrons within the Au layer. An

independent indication of these multiple reflections is observed in the dependence of BEEM

current on Au thickness in Au/Si(l 00) structures. Calculations provide good agreement with

observed BEEM spectra and attenuation length data.

PACS Numbers: 73.50.Gr,  73.30.+-y, 73.61. At, 61.16.Ch
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introduction

The notion of parallel momentum (kll) conservation at a metaVscmiconductor  (M/S)

interface is basic to many device structures. In developing conceptual models to characterize

these devices, the choice to assume or neglect kll conservation iS Ofien  made ~thout  direct

experimental verification. In epitaxial  semiconductor/semiconductor or M/S structures, the

concept is more straightforward, since in these cases atomically abrupt interfaces can be achieved

between materials with matching lattice nets. Even here, quantitative verification is diflicult,  and

defects may serve to obscure the signature of k ll conservation, The failure to observe by

conventional methods the effects of the predicted metal band-gap in the epitaxial  CoSi2/Si(l  11 )

system [1] is one possible example of insensitivity to kll conservation and of the likely

predominance of small defective areas in macroscopic measurements. The observation of

resonant levels  in a metal layer is another indicator of coherent transport and specular reflection,

although a complete understanding of intensities is required to rule out a diffuse component.

The problem of determining the presence or lack of k ll conservation in the case of a non-

epitaxial evaporated metal film has a long history and is considerable y more problematical. In this

case, kll conservation has been difficult to confirm, Contributing to the difficulty is the

insensitivity y of conventional measurements to the degree of kll conse~ation.  Macroscopic prob~s

of M/S structures, such as current-voltage and internal photoemission  measurements are spatially

averaged methods of probing interface transport, and measurements maybe dominated by

interface defects. In addition, elastic scattering within the bulk of the layer, either with phonons

or with defects, can in many cases eliminate characteristics associated with interface momentum

conservation. In general, the problem is one of separating a lack of kll conservation, in the fo~

of elastic interface scattering, from other scattering processes.
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The development of ballistic-electron-emission microscopy [2] (BEEM), based on

scanning tunneling microscopy [3] (STM), has provided a nanometer-scale technique for probing

interface electronic properties and electron transport through heterostructures. BF.EM uses an

STM tip to inject hot carriers, usually within several eV of the Fermi level, into a M/S structure.

By detecting the collected current (Ic) which enters the semiconductor as a function of injection

energy (tip voltage), a spectroscopy of electron transport and interface electronic properties may

be performed. In addition, these characteristics can be imaged with high spatial resolution.

]Iowever, even 33EEM measurements have been inconclusive in deterntining  the degree of kll

conservation at non-epitaxial  M/S interfaces; an unambiguous signature of this characteristic has

so far remained elusive.

One of the first predictions for BEEM based on the idea of kll conservation was the

spectrum for metal/Si(l  11 ) [4], which was expected to differ dramatically from that of

metal/Si(l 00). Si(l 11 ) spectra were expected to show a more gradually increasing threshold

region and a substantially different spectral shape. The modified spectral behavior calculated for

the Si(l 11) orientation is due to the mismatch between the off-axis conduction-band minima in the

Si and the forward-focused electron distribution produced by tunneling. At electron energies only

slight] yin excess of the Schottky  barrier height, few electrons are injected from the STM tip with

suilcient  kll to enter the Si conduction band. As the tunnel voltage and electron energies

increase, the phase space for transport into the conduction band increases and extends toward the

interface Brillouin  zone center and consequently toward smaller values  of kll. This produces a

stronger overlap with the injected electron distribution and causes the collected current to

increase more quickly. Calculated spectra for Au/Si(100)  and Au/Si(l 11) are plotted in Fig. 1.

The calculation involves phase-space considerations only, and does not include scattering. in

addition, each electron is given only one chance for collection; if phase space restrictions are not

satisfied on the first attempt, the electron is lost.
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This predicted behavior has not previously been observed for Au/Si(l 11 ). Instead,

previously reported BEEM spectra [4] are nearly identical to those for Au/Si(l 00). This

observation, however, does not disprove interface k ll conse~ation.  While it is likely that

scattering of some type is responsible for this result, elastic scattering in the metal film can

provide the necessary parallel momentum for electrons to enter the Si(l 11 ) conduction-band

minima, even if kll is conserved at the interface. It is the presence of bulk scattering which has

made the identification of kll conservation so difflcuh previously. A measurement is needed which

separates the various scattering components and any effects of metal band structure and allows

interface processes to be assessed independently. This paper describes the obsewation of kll

conservation at a M/S interface by IH3EM,  even when standing waves and coherent transport

within the metal are not observed.

Expe.rimcntal  Procedures

In order to test these ideas, a series of spectra from Au/Si(l 11) samples was obtained as a

function of Au thickness, both at room temperature and at 77K. Si substrates were prepared by

peflorming  a solvent clean, followed by spin-etching [5] and hydrogen termination of the Si

surface using 1:10 HF:ethanol  in a nitrogen-purged glove-box. Following direct transfer of the

sample into a load-lock and thence to the ultra-high vacuum deposition chamber, Au evaporation

was performed at a base pressure of 109 Torr and monitored by quartz crystal oscillator.

Uncertainty in Au thickness was *1 OYO. Several samples were fabricated for each Au thickness,

and many spectra from these samples were averaged together for analysis. BEEM results were

reproducible bet ween similar sets of averaged spectra, although some variation was observed if

the averages were small. Acquisition of BEEM spectra was performed in a nitrogen-purged

glove-box, and low temperature measurements were accomplished by direct immersion of the

BEEM system in liquid nitrogen, also within this glove-box. Tunnel current was maintained at
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either 1 or 2 nA for all BEEM spectra; BEEM spectra presented in this paper were norn~alized to

a common tunnel current of 1 nA.

Results and Discussion

A summary of the spectroscopy results for three Au thicknesses is presented in Fig. 2. At

room temperature, the spectral shape above threshold remains constant, as does the threshold

position, which is a measure of Schottky  barrier height Vb. The solid lines, produced by fitting

the spectra near threshold with the original BEEhI phase-space model, emphasize this behavior.

This phase-space model provides an excellent fit to BEEM spectra for the case of Au/Si(l 00),

where there are Si conduction-band states at kll=O.  The agreement of the plotted fits with the

present data is due to the fact that the Au/Si(l 11 ) spectrum shape closely matches that of

Au/Si(l 00), a result which was previously observed. The inflection of the data at higher voltages

as Au thickness increases results from an increasing contribution from scattering, in particular

from the energy dependence of inelastic scattering.

At 77K the spectrum shape, even near threshold, changes dramatically with increasing Au

thickness; because of this changing shape, the apparent threshold increases substantially. Near-

threshokl  fits are also shown for these spectra as a reference to the changing shape, although they

are clearly inappropriate for the spectra obtainecl  for the thicker Au layers. These fits are

provided as a qualitative means of tracing the change in spectral shape and the increase of the

apparent spectral threshold. There is a smooth transition of spectral shape with Au thickness at

both temperatures.

Although threshold values from these fits are given in Fig. 2, it is important to emphasize

that the Schottky barrier height is not changing as a function of Au thickness at 77K. The M/S

interface is already fully developed with a Au layer of 75 ~; a further increase of Au thickness
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does not modify this barrier height. The fact that the phase-space model incorrectly assigns the

barrier height at 77K in Fig. 2 is an indication that it is inadequate for the low-temperature data

In addition, although the fits to the threshold regions of the 77K spectra appear- adequate at

thicker Au layers, this is only because the fit is over a small range of voltage. The shape of the

entire spectrum for these cases is quite different from the more conventional Au/Si(l 00)

spectrum.

In summary, Fig. 2 indicates that (a) fit quality and threshold position (-0.82 V) at room

temperature are reasonable and identical to Si(l 00); (b) fit quality and threshold position (0.88 V)

at 77K for thin Au are also reasonable, and near to that (0,86 V) of Si(l 00); and (c) fit quality and

threshold position (0.94 V) at 77K for 300~ Au are strongly anomalous.

The observed change in spectral shape at 77K is an unexpected result. The Au/Si(l 11 )

spectra which are obtained for the thickest Au layers strongly resemble those expected for the

(111 ) orientation only with no elastic scattering and for kll conservation at the M/S interface.

There are several points to emphasize concerning these observations. First, this behavior only

appears at low temperature, and only for thicker Au layers, whereas it might be expected that

increased scattering in thick Au layers would preclude this observation. However, the evolution

of spectrum shape at low temperature cannot be attributed to a modification of the hot electron

distribution by increased scattering in the Au, since spectra for Si(l 00) do not show this behavior.

Moreover, spectra obtained at room temperature, where scattering is expected to be stronger, do

not exhibit this behavior for either substrate orientation.

It is also important to note that Au band structure effects are unlikely to be responsible for

these modified spectra. Evaporated Au has been observed to be primarily of[111 ] orientation on

both Si(l 00) and Si(l 11) [6, 7]; only the 77K Si(l 11) results display this strong change in spectral

shape. Moreover, such effects would not produce the observed evolution of spectral shape at
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such thick Au layers. Au band structure is well-developed at 75 & and further change in the

range of 75-300 ~ is not expected. ‘I’he large change in spectral shape observed at low

temperature occurs in this thickness range.

Secondly, the effect of temperature on the BIXM  spectra could not easily be resolved in

terms of band structure. The primary effect of temperature on BE13M  is to change the sample

lattice temperature, which affects the phonon  population, Thus scattering by phonon  absorption

and stimulated emission will depend on temperature, The effect of metal band structure could be

twofold: to direct the electrons along certain directions in the metal, and to provide a mismatch

with the semiconductor band structure at the M/S interface. These conditions, which could lead

to a change in spectral shape, would be effective regardless of temperature and phonon

population. Clearly, the anomalous spectral shape in the present BEEM spectra appears only at

low temperature.

Mention should be made of the recent work by Garcia-Vidal et al. [8], which introduces a

theoretical model based on Au band structure effects to explain Au/Si(111 ) BEEM results. While

this model represented a reasonable explanation of prior Au/Si(l 11 ) spectra, it appears to be a

less probable description in light of the new data presented here. Previously obtained Au/Si(l  11 )

BEEM spectra were essentially identical to those for Au/Si(l 00). However, the present work

provides experimental evidence that Au/Si(l 11 ) spectra can be quite different under appropriate

conditions.

Finally, an explanation involving a change  in the physical structure of the Au layer with

thickness also appears unlikely, No systematic change in surface grain structure was observed by

STM as a function of Au thickness.
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It is possible to construct a consistent conceptual model for the results of Fig. 2. It should

first of all be pointed out that inelastic electron-electron scattering will usually remove an electron

from the collection process altogether, since the energy lost is large, with a distribution which

peaks at one-half of the electron’s kinetic energy. [9] A significant contribution to the collector

current from inelastically scattered electrons would thus not be expected until V - 2Vb -1.6 V.

Therefore, elastic scattering is the important process in the modification of the momentum

distribution of collectable electrons. The only interpretation consistent with these observations

that, at 77K, elastic scattering is clecfeasfig  as the Au layer gets thicker. The contributions of

nearly all components of scattering (electron-phonon, electron-electron, impurity, and defect

scattering) will increase with metal thickness. One contribution, scattering from the metal film

is

boundaries, will decrease with film thickness, since as the boundaries are separated the electrons

encounter thcm less frequently. Thus the dominant source of elastic scattering and momentum

randomization at low temperature must be difluse reflection from the Au surface, implying

multiple passes of the hot electrons within the Au film. Full boundary-to-boundary transport must

be involved, since the efiects of this randomization on the BEEM spectrum decrease only as the

boundaries are separated. It is not required that the surface reflection be locally diffuse, since

many IIE13M spectra are averaged together. Averaging over different surface gradients will

provide an average diffuseness to the reflected distribution.

This averaging over Au surface topography implies that there should bc some degree of

variation from spectrum to spectrum. This would be expected particularly for the spectra in

which surface reflections play an important role in determining spectral shape (thinner layers at

low temperature). Specifically, although surface reflection is treated as diffuse in an average

sense, it might be specular in a local sense. lfthe  tip is situated over a flat area parallel to the M/S

interface, surface reflection might provide little change in parallel momentum, and most electrons

might still not be able to enter the Si(l 11 ) conduction-band minima, In this case, the (local)

spectrum should resemble the 77K thick-Au case (that is, shifled threshold and anomalous shape).
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In contrast, spectra taken over rough topography could resemble “conventional” Au/Si(l 00)

BI;EM spectra (or room-temperature Au/Si(l 11 ) spectra).

Figure 3 presents two averages of small subsets of 77K data from a 75 ~ sample, which

represent two extreme cases. Also shown are simple phase-space fits near threshold (as in Fig. 2),

and threshold values are also given, It is clear that variation is observed. Interestingly, thresholds

range from 0.86 V (the most commonly observed value for these smaller averages, and the usual

value at 77K for Au/Si(l 00)) to 0.93 eV, nearly as large as the 77K 300 ~ average shown in Fig.

2(f). The shapes also vary from that of Au/Si(l 00) to that of Fig. 2(f), These are exactly the

limits expected under the assumptions of the model.

Specular reflection at the M/S interface is assumed here, in order to be consistent with kll

conservation and absence of scattering upon transmission. High-resolution cross-sectional

transmission electron microscopy (TBM) was performed in order to characterize the Au/Si(l 11 )

interface. Images reveal a large-height step structure with flat terraces. The steps often were

observed to form (100) facets, This stepped topography is quite different from the interface

character previously observed for Au/Si(l 00). [10] In that case, large areas of flat topography

were not often observed. The TEM results suggest that a smooth Si(l 11 ) surface is more

resistant to reaction with Au than the (100) surface. Similarly, in IIEEM experiments on Au-

covered Si(l 11) (7x7) surfaces, Cuberes  et al. [11] did not observe the effects of diffusion,

This model for the data can thus be summarized as follows. At low temperature, the

elastic mean-free path & for electron-phonon  scattering is greatly increased. In contrast, inelastic

electron-electron scattering is largely independent of temperature. [12] Inelastic scattering

primarily removes electrons from the collection process altogether, as mentioned above. For thin

Au layers, electrons which are not initially collected may reflect from the MN interface and reach

the surface, where they scatter, Because the Au is thi~ these electrons are able to make several
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passes through the film before being removed by inelastic scattering. ‘I”he electrons are

randomized by this surface scattering, which allows many more to be subsequently collected.

Thus the IH3EM spectrum for Au/Si(l 11 ) resembles the Au/Si(l  00) spectrum.

As Au thickness increases, fewer electrons are able to make multiple passes through the

Au, and the average momentum randomization decreases. For 300 ~ Au layers, very few

electrons survive to be reflected back to the surface and then be collected, so collection is due

primarily to electrons collected on their first attempt. Thus the spectrum is that expected for

Si(l 11 ) in the absence of elastic scattering.

At low temperature, the Au surface is the primary source of elastic scattering. At room

temperature, the stronger quasi-elastic scattering due to electron-phonon  interactions randomizes

the injected electrons, especially for thicker Au layers. Surface scattering is no longer required for

randomization, although these multiple reflections still occur for thinner layers.

Calc.ulrdions  and Modeling

In order to determine appropriate scattering parameters for the array of BEEM spectra in

Pig, 2, the standard technique of Monte Carlo simulation was used. In these simulations, 106

electrons were injected per voltage point. A Schottky  barrier height of 0.82 eV was used at room

temperature; 0.86 eV was used at 77K. These values are derived from BEEM measurements on

Au/Si(l 00); the increase at low temperature results from the change in the Si band gap. A free-

electron model was assumed for the Au layer, and an effective-mass model was used for the Si

collector, with six elliptical conduction-band minima situated near the X-points. Mass

components of 0.98~ and O. 19n~ were used.
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At 77K, electron-phonon  scattering was neglected. First, %i was selected to obtain the

best fit simultaneously to all 77K spectra. It was simplest to peflorm this fit to the 77K spectra

first, and then add phonon  scattering to the model for the room-temperature data. The low

temperature observations place limits on the allowable value of the inelastic mean-free path Li.

This must be long enough to allow multiple electron passes for 75 ~ Au, but short enough so as

to usually allow only one collection attempt at 300 ~ Au. An additional restriction is imposed by

the observed total attenuation length for Au of about 130 ~ as measured by BEEM at room

temperature. [13] The expression l/~Ot == l/ki + l/& relates A.i and & to the total attenuation

length hot  measured by 13EEM for moderate Au coverages.  The Monte Carlo modeling indicates

that this relation holds for thick Au layers, but not for thin layers; this will be discussed in detail

later. Thus A,i and kc must each be greater than 130& but one of the two must be smaller than

about 260 ~.

There is a large body of early work on hot-electron mean-free paths in Au, Internal

photoresponse experiments by Crowell at al. [14] yielded a value &Ot==740  ~ for 1 eV electrons in

Au. Subsequently Stuart et al. [15] performed Monte Carlo calculations which were consistent

with that experimental data. Soshea and Lucas [16] noted a correction to Crowell’s optical

absorption calculations which produced a much smaller value of \ot = 380 ~ in Au. The

overestimation of attenuation lengths present in these optical experiments reflected the

uncertainties in modeling the optical absorption. 13EEM provides a direct method for measuring

attenuation length  which is not subject to these uncertainties. In BEEM, injected current is

known exactly, and the spatial origin of this current (the Au surface) is also controlled. The initial

BEEM measurement of \ot= 130 ~ for -1 eV electrons at moderate Au coverages has been

reproduced by several groups. [17, 18] Other BEEM modeling on different material systems,

such as Pd/Si [19], has also extracted values for Li and he. In that case, values were derived

which were consistent with the shorter \ot for Pd of about 31 &
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Several additional considerations which have been included in the model for the Monte

Carlo calculations should be mentioned. Li is assumed to be energy-dependent, a property which

causes the increasing inflection with Au thickness of the room temperature spectra. However, the

theoretical 1 /(E-EF)2 dependence [9] is too strong to be consistent with the experimental spectra.

Other IU3EM experiments have also measured a weaker dependence. [19] For the calculations

presented here, a weaker linearly decreasing energy  dependence of Li== 1.5”kio(l -(E-EF)/3)  is used,

where energies are in electron volts and Xio is the mean-free path for electrons at E-E~ 1 eV.

This empirical expression was found to provide a consistently good fit to the high-voltage

portions of the 1313EM  spectra. The particular functional form is not critical to the modeling of

the threshold region, since the choice primarily affects the higher voltage inflection of the spectra.

&is assumed to be quasi-elastic and energy-independent for these energies. [20] Also, no

elastic impurity or defect scattering is included. Such a contribution must be small to allow

observation of the spectral behavior displayed by the 300 ~ data at low temperature. Boundary

reflections are assumed to be specular at the M/S interface and diffuse at the Au surface, as

mentioned above. STM images of the Au surfaces reveal the typical mounded structure of

evaporated Au films, indicating that, on average, diffuse reflection from these surfaces is

reasonable.

Quantum mechanical reflection contributes an energy-dependence to interface

transmission, This contribution, calculated for a sharp-step potential, is included for the low-

temperature spectra. At high temperature, Lee et al. [21] find little energy dependence when

phonon backscattering  in the semiconductor is also included. In this case, only an overall scale

factor of-0.5 results. [22] This scale factor is included for the room temperature data.

Planar tunneling [23] is used for the initial electron injection from the STM tip. A more

realistic treatment has been introduced for the non-pkmar  STM geometry. [24] For a 3 eV work.
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function, that theory yields a tunneling gap of s--6 ~ at a tunnel voltage of about 1 V. Lang et al.

[25] have pointed out that an energy width of-O.2 eV is expected for the tunneling distribution in

the non-planar model. In the planar tunneling model a value ofs= 15 & which has been

previously used [2] to fit BEEM spectra, reproduces this energy width. This value ofs is used

here.

In order to fit both the 75 ~ and 300 ~ data at 77K, a narrow range of ki proved to be

suitable. A secondary restriction was imposed by the observed magnitude of Ic. Excessively large

or small values of ~ produced calculated currents much smaller or larger than observed. It is

encouraging that the range of ki which provided the most consistent fit to the spectral shapes of

the 77K data also generated values of IC which were in agreement with the observed currents.

The best overall series of fits was produced using kia220 ~. A value of LC=400 ~ was then

selected to model the room-temperature spectra. This value was dictated by the chosen value of

ki and by the observed total attenuation!engthof-130 ~ for moderate Au thicknesses (50 -200

~). An error of 20% is estimated for the values of Ii and Zc; a change in these parameters by this

amount results in a substantial disagreement with one or more of the experimental spectra.

Figure 4 shows the resultant fits to the 13EIEM spectra from Fig. 2. The change in shape at

low temperature is reproduced by the calculations, leading to an apparent increase in threshold.

The addition of elastic scattering also reproduces the room temperature measurements. In

addition, the calculated IC magnitudes agree well with the measured values, the ratio of the two

being close to 1:1 for all spectra.

The conceptual model presented here depends critically on the mechanism of multiple

electron passes through the Au layer. There is a compelling additional indication of multiple

reflections and of the validity of this model. In a separate series of experiments, a sequence of

Au/Si samples was fabricated using Si(100)  substrates, including samples with Au layers as thin as
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14 ~. BEEM current attenuation as a function of Au thickness for these samples at room

temperature yields a dependence which deviates from simple exponential behavior for thinner Au

layers, as shown in Fig. 5. Using the same model which was used to fit the individual BEEM

spectra in Fig. 4, a calculated attenuation curve is generated which is also plotted as a solid line in

F’ig. 5. Since the & and Zi values have been chosen to match the measured hot for thicker layers,

the agreement in slope there is expected. The notable feature is that the calculation reproduces

the deviation at thin layers extremely well. This behavior is a direct result of the inclusion of

multiple electron reflections within the Au layer, The width and shape of this “peaking”

calculated for small layer thicknesses is determined by the attenuation lengths used, and depends

on no additional adjustable parameters. When multiple reflections are not allowed, the calculated

dependence lacks this characteristic, as shown by the dashed line in Fig. 5.

It is of interest to note that the chosen values of ki and kc imply a total attenuation length

of \ot= 142 & slightly larger than the observed value of 130 ~, Previous measurements which

assumed strict exponential behavior between 50 and 200 ~ were probably affected slightly by the

deviation from exponential behavior for thin Au layers. In fact, fitting of the data in Fig. 5

between 50 and 300 ~ (since a 200 ~ point is not available in this data set) to a pure exponential

yields an attenuation length of 128 ~, exactly that which was derived in previous work. [13, 26]

It is important to realize that this evidence of multiple electron reflections is a con~pIetely

independent measurement from those previously discussed, and over a different thickness range.

The signature shape at thin Au layers displayed by this plot occurs mainly at Au thicknesses of

less than 100 ~ whereas the change in spectrum shape in Figs. 2 and 4 occurs primarily at

thicknesses greater than 100 ~,

Interestingly, Niedcrmann  et al. [27] observed an apparently shorter mean-free path at

thinner PtSi layers in BEEM measurements of PtSi/Si(l  00) structures. They also observed this
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behavior in reverse BEEM [28] data. They interpreted as an interracial layer with a shorter

attenuation length; however, it appears possible that this was also an observation of multiply

reflected electrons.

Conclusions and Acknowledgements

These 13EEM measurements have provided direct evidence of a strong degree of kll

conservation for hot electrons crossing the Au/Si(l 11) interface. The signature of this process

only occurs at low temperature, and only with thick Au layers. The dependence of BHEM

spectral shape on Au thickness indicates that multiple electron passes within the Au layer are

contributing to collected current. This contribution has obscured interface momentum

conservation in previous low-temperature experiments with thinner Au layers. In addition,

independent evidence of multiple electron passes has been detected in BEEM attenuation length

measurements. Although a contribution from diffuse transmission may exist at certain locations

due to defects, these results indicate that the average contribution from such a component to

interface transmission must be relatively small. Shape and magnitude of the spectra are well-fit by

the present model; a substantial diffuse transmission contribution would quickly alter the

characteristic spectral shape observed at low temperature for thick Au layers.
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Figure, Captions

Figure  1 Calculated BEEM spectra for metal/Si(l  00) (squares) and metal/Si(l 11) (circles),

neglecting scattering and boundary reflections in the metal film. The two curves have

been plotted with different scale factors for clarity.

l~igure  2 Experimental BEEM spectra (circles) obtained for Au/Si(l 11 ) samples. Also shown

by solid lines are fits to the data using the original 13EEM phase-space model for

Au/Si(l 00), which neglects scattering. Pitting is only to data points at tunnel voltages

<1.2V.

Figure 3 Averages of two small subsets of the group of spectra which produced Fig. 2(d). The

variation observed for these subsets is expected from variations in Au surface

topography, and the behavior varies between the limits expected from the model.

Figure 4 Experimental BEEM spectra (circles) shown in Figure 2. The solid lines are fits to the

data using the Monte Carlo model described in the text. The Monte Carlo calculations

have been adjusted only by an overall scale factor in order to obtain a best fit to the

data. This scale factor ranges from 0.98 to 1.04 for the spectra.

Figure 5 Experimental BE13M attenuation length measurement (circles) for Au/Si(l 00) samples,

For each point, IC was measured at V = 1.2 V. Also shown (solid line) is the

dependence calculated from the same Monte Carlo model used to fit the experimental

BEEM spectra in Fig 2. This calculated curve has been adjusted only by an overall

vertical offset, corresponding to a scale factor of 1.28. The dashed line is the

dependence which results if electrons are allowed only one attempt to cross the M/S

interface; that is, if boundary reflections within the Au film are not allowed.
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